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TITLE OF THE INVENTION 



COMBINED OIL CONTROL RING 



BACKGROUND OF THE INVENTION 



1. Field of the Invention 



The present invention relates to a combined oil 



control ring which is mounted on a piston of an internal 
combustion engine . 

2. Description of the Related Art 

A combined oil control ring having an approximately 
M-shapedcross section, which is configured such that upper 
and lower rails which bring outer peripheral surfaces 
thereof into slide contact with an inner surface of a 
cylinder and a web which connects the upper and lower rails 
and has a plurality of windows are integrally formed, is 
described in Japanese Unexamined Patent Publication Sho 
61 (1986) -45172 and Japanese Unexamined Patent 
Publication Hei 9 ( 1997 ) -144881, for example. 

As shown in Fig. 4, the combined oil control ring 
consists of an oil ring body 1 and a coil expander 2. The 
oil ring body 1 is an oil ring having an approximately 
M-shaped cross section in the radial direction which is 
formed of upper and lower rails 3, 4 and a web 5 which 
connects these rails 3, 4. Such a combined oil control 
ring is mounted in an oil ring groove 21 formed in a piston 



Outer-peripheral protruding portions 6, 7 of the 



20. 



2 



respective upper and lower rails 3, 4 have an approximately 
trapezoidal shape which is formed of outer peripheral slide 
surfaces 8 , 9 which are brought into contact with a cylinder 
wall 22 and upper and lower inclined surfaces 10, 11 which 
5 are contiguous with the outer peripheral slide surfaces 
8, 9. Side surfaces 12, 13 of the respective upper and 
lower rails 3, 4 face respective upper and lower surfaces 
23, 24 of the ring groove of the piston. 

In the combined oil control ring, a lubricant which 

10 is scraped by the slide surfaces 8, 9 of the rails is allowed 
to move into an inner peripheral side of the oil ring body 
1 from an outer peripheral groove 14 defined by the upper 
and lower rails 3, 4 and the web 5 through a large number 
of windows 25 formed in the web 5. The lubricant which 

15 is moved into an inner peripheral side of the oil ring 
groove 21 through the windows 25 is returned to an oil 
pan through an oil hole formed in the piston 20. 

As shown in Fig. 4, inner peripheral surfaces 18, 
19 of inner-peripheral protruding portions 15, 16 of the 

20 upper and lower rails 3, 4 have an arcuate shape and an 
inner peripheral groove 17 is formed of the 
inner-peripheral protruding portions 15, 16 and the web 
5. The coil expander 2 is housed in the inner peripheral 
groove 17 . By bringing the coil expander 2 and the arcuate 

25 surfaces 18, 19 of the inner peripheral groove 17 of the 
oil ring body 1 into contact with each other, the oil ring 
body 1 is pushed toward the cylinder wall 22. 



The shape of the inner-peripheral protruding 
portions 15, 16 of the upper and lower rails 3, 4 may have 
a cross section of an approximately trapezoidal shape. 
In this case, as shown in Fig. 5, the inner peripheral 
groove 17 is formed of the inner-peripheral protruding 
portions 15, 16 and the web 5. The coil expander 2 is 
housed in the inner peripheral groove 17. By bringing 
the coil expander 2 and tapered surfaces 18, 19 of the 
inner peripheral groove 17 formed in the oil ring body 
1 into contact with each other, the oil ring body 1 is 
pushed toward to the cylinder wall 22. 

Here, as can be easily understood from Fig. 4 and 
Fig. 5, a maximum distance L2 in the axial direction between 
the inner-peripheral-groove arcuate surfaces 18, 19 or 
the inner-peripheral-groove tapered surfaces 18, 19 (see 
Fig. 5) of the oil ring body 1 is determined by a axial 
distance between inner peripheries 27' , 28' of the inner 
peripheral groove 17. 

As shown in Fig. 4, when the combined oil control 
ring, which the coil expander 2 is housed in the oil ring 
body 1, is mounted in the oil ring groove 21 of the piston 
20, an opening between butt ends of the oil ring body 1 
is widened until an inner diameter of the combined oil 
control ring becomes larger than a piston diameter. 
However, when the opening between the but ends of the oil 
ring body 1 is widened, it is likely to occur that the 
coil expander 2 falls off the inner periphery groove of 
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the oil ring body 1. When the coil expander 2 falls off 
the inner periphery groove of the oil ring body 1, it is 
necessary to restart the assembling operation of the coil 
expander 2 and the oil ring body 1 from the beginning. 

Recently, in addition to enhance the conf ormability 
to the cylinder wall, the wear resistance and the scuff 
resistance of the combined oil control ring, a demand for 
lowering tension of the coil expander is increasing. By 
lowering the tension of the coil expander, it is possible 
to obtain the excellent oil ring characteristics. On the 
other hand, the drawback that the coil expander falls off 
the oil ring body during assembling of the oil control 
ring to the piston becomes apparent. However, with 
respect to the combined oil control ring, no 
countermeasures have been taken to prevent the coil 
expander from falling off heretofore. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the 
above-mentioned circumstances and it is an object of the 
present invention to provide a combined oil control ring 
which can prevent a coil expander from falling off an oil 
ring body at the time of mounting the combined oil control 
ring on the piston without losing functions of the oil 
ring such as oil scraping. 

To achieve the above-mentioned object, the present 
invention provides a combined oil control ring which 



consists of an oil ring body which is formed of upper and 
lower rails which bring outer peripheral surfaces thereof 
into slide contact with an inner surface of a cylinder 
and a web 5 which connects the upper and lower rails and 
5 includes a plurality of windows, and a coil expander which 
pushes the oil ring body in the direction toward the inner 
surface of the cylinder, the coil expander being housed 
in an inner-peripheral groove of the oil ring body, wherein 
projecting portions which extend toward a center line in 

10 the thickness direction are formed at inner peripheral 
sides in the radial direction than a position where an 
axial distance between inner peripheries of an 
inner-peripheral groove portion of the oil ring body 
becomes maximum. Due to such a construction, when the 

15 oil control ring is mounted on the piston by widening an 
opening between but ends of the oil ring body, it is possible 
to prevent the coil expander housed in from falling off 
the oil ring body. 

Further, at the time of mounting the combined oil 

20 control ring on the piston, it is possible to prevent the 
coil expander from falling off by setting an axial distance 
between the inner peripheries of the inner-peripheral 
groove portion of the oil ring body smaller than the maximum 
distance L2, in the inner portion than the position of 

25 L2 . 



It is preferable that LI and L2 satisfy a 



relationship of 0.03 < (L2-L1)/L1 < 0.15. Here LI means 
the minimum distance and L2 means the maximum distance. 
It is more desirable that LI and L2 satisfy a relationship 
of 0.05 < (L2-LD/L1 < 0.10. When (L2-L1)/L1 is smaller 
5 than 0.03, the remarkable falling-off prevention effect 
of coil expander cannot be recognized, while when 
(L2-L1)/L1 exceeds 0.15, it becomes difficult to insert 
the coil expander into the oil ring body. 

Further, according to the present invention, it is 

10 preferable that a coil diameter d of the coil expander 
and LI of the oil ring body satisfy a relationship of 0 . 2mm 
^ Ll-d > -0 . 10mm. So long as this relationship is satisfied, 
there is no possibility that the oil ring body leaves the 
deformation strain due to a force which is applied at the 

15 time of opening the inner peripheral ends of the oil ring 
in the axial direction in housing the coil expander in 
the oil ring body. Further, when an opening between the 
but ends of the oil ring body is widened in the peripheral 
direction at the time of mounting the oil ring on the piston, 

20 the coil expander hardly falls off the oil ring body. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a cross-sectional view in the radial 
direction of a combined oil control ring showing one 
25 embodiment of the present invention; 

Fig. 2 is a cross-sectional view in the radial 
direction of a combined oil control ring showing another 



embodiment of the present invention; 

Fig. 3 is a cross-sectional view in the radial 
direction of a combined oil control ring showing another 
embodiment of the present invention; 
5 Fig. 4 is a cross-sectional view in the radial 

direction of an example of a conventional combined oil 
control ring; and 

Fig. 5 is a cross-sectional view in the radial 
direction of another example of the conventional combined 
10 oil control ring. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention are 
described in detail in conjunction with Fig. 1 to Fig. 

15 3. With respect to constructions of these embodiments, 
the explanation of portions which are common with the 
portions of the prior art shown in Fig. 4 and Fig. 5 is 
omitted. Here, to some among the portions common with 
the portions shown in Fig. 4 and Fig. 5, the reference 

20 numerals used in Fig. 4 and Fig. 5 are given. 

In the embodiment shown in Fig. 1, a thickness of 
the oil ring body 1 is set as L3 and the inner peripheral 
portions 18, 19 of the inner-peripheral protruding 
portions 15, 16 of the upper and lower rails 3, 4 have 

25 an arcuate shape thus forming an inner-peripheral groove 
portion 26 which houses the coil expander 2 . With respect 
to the inner-peripheral groove portion 26, a width 
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(distance) thereof in the axial direction expands while 
drawing arcs toward the radially inward direction in a 
vertical symmetry (an upper and lower symmetry) from a 
crossing point Al of the inner-peripheral groove portion 
5 26 and a thickness-direction center line (a line which 
passes the center of the width of the oil ring body 1) 
AA' and assumes a maximum value L2 at a line BB' . 
Projecting portions 27, 28 which extend toward the 
thickness-direction center line AA' are formed at 

10 positions disposed more inside in the radial direction 
than the line BB' . Due to the provision of these proj ecting 
portions 27, 28, it is possible to prevent the coil expander 
2 from falling off at the time of mounting the combined 
oil control ring on the piston 20. 

15 In Fig. 1, the projecting portions 27, 28 are formed 

on open peripheries of the inner-peripheral groove portion 
26 and a distance between the open peripheries in the axial 
direction assumes a minimum value LI in inner position 
in the radial direction than the line BB' . However, 

20 provided that the projecting portion is formed in inner 
position than the line BB' , the position where the 
projectingportions are formed and define the minimum value 
LI is not limited to the open peripheries. 

Assume the distance in the axial direction between 

25 B, an upper end of the maximum axial distance L2 and a 
lower end of the upper projecting portion 27 as AL1, and 
the distance in the axial direction between B' , a lower 



end of the maximum axial distance L2 and an upper end of 
the lower projecting portion 28 as AL2 . In the 
construction shown in Fig. 1, the projecting portions 27, 
28 are formed in a vertical symmetry in the 
inner-peripheral groove portion 26 of the oil ring body 
1 and AL1 and AL2 are set equal. 

Further, in the embodiment shown in the drawing, 
although the projecting portions 27, 28 have an 
approximately triangular cross section, the shape of the 
projecting portions 27, 28 is not specifically limited. 
Further, although the peripheral ends of the projecting 
portions 27, 28 form an acute angle or are pointed, 
flattened portions may be formed on the ends of the 
projecting portions 27, 28 or the ends of the projecting 
portions 27, 28 may be rounded in view of manufacturing 
reasons and the prevention of fracture. 

Although the pro j ecting portions 27, 28maybe formed 
on the whole periphery of the oil ring body 1, it is possible 
to prevent the coil expander from falling off even when 
the projecting portions 27, 28 are formed partially on 
the oil ring body in a circumferential direction. However, 
when the projecting portions 27, 28 are formed partially, 
it is necessary to take proper measures to suppress the 
occurrence of non-uniform face pressure of the oil ring. 

In an embodiment shown in Fig. 2, the 
inner-peripheral groove portion 26 is formed of upper and 
lower inclined surfaces 18, 19 and a vertical surface 30 



which connects these inclined surfaces 18, 19. Further, 
both of the upper and lower groove portions form arcuate 
surfaces from a position slightly outside the line BB' 
along which the width of the inner-peripheral groove 
portion 26 assumes the maximum in the axial direction. 
Further, both of the upper and lower groove portions also 
form arcuate surfaces inside the line BB' independently 
from the arcuate surfaces outside the line BB' . In the 
same manner as the embodiment shown in Fig. 1, the 
projecting portions 27, 28 having a cross section of an 
approximately triangular shape are formed on open 
peripheries. The oil ring body 1 having such a 
construction is also provided with the pro j ecting port ions 
27, 28 and the position which sets the minimum size LI 
in the axial direction of the inner-peripheral groove 
portion 26 is not always set at the open peripheries. 

Further, it is not always necessary to form the 
arcuate surfaces formed in Fig. 2 and the inner-peripheral 
groove portion 26 may adopt the configuration in which 
the projecting portions 27, 28 may be directly formed next 
to inclined surfaces 18, 19. However, to prevent the coil 
expander from falling off without causing any troubles 
in operation at the time of mounting the coil expander 
2, it is preferable that the projecting portions 27, 28 
are formed more gently and hence, it is desirable to form 
the arcuate surfaces as shown in Fig. 2. 

The construction shown in Fig. 3 is substantially 



equal to that of the embodiment shown in Fig. 1 except 
for a point that the projecting portion 28 is formed only 
on the lower portion and is not formed on the upper portion 
of the inner-peripheral groove portion 26. The coil 
expander 2 usually falls off downwardly and hence, the 
construction which forms the projecting portion 28 only 
on the lower portion of the inner-peripheral groove portion 
26 also can prevent the coil expander from falling off . 
Here, although the projecting portion is formed only on 
the lower portion of the peripheral groove portion 26 in 
the drawing, with respect to the oil ring body 1 served 
in an actual operation, usually, there is no distinction 
between the upper portion and the lower portion and hence, 
the oil ring body 1 is mounted in a posture that a side 
of the oil ring body 1 where the projecting portion is 
formed is set as a lower side. 

Further, even when the projecting portions are 
formed on both sides of the oil ring body 1, AL1 and AL2 
are not always required to have the same distance and the 
relationship between them may be set to AL1 > AL2 or AL1 

< AL2 . As mentioned previously, usually, the coil 
expander 2 falls off toward the lower side and hence, when 
the maximum value L2 is fixed, the lower pro j ecting portion 
28 is formed larger than the upper projecting portion 27. 
That is, by setting the relationship between them to AL1 

< AL2, it can be effectively achieved to prevent the coil 
expander 2 from falling off. Here, "upper" and "lower" 
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correspond to "upper" and "lower" at the time of mounting 
the combined oil control ring. 

By extending the radial thickness of the oil ring 
body 1 toward the inward direction thus increasing the 
radial thickness of the inner-peripheral protruding 
portions 15, 16, it is possible to prevent the coil expander 
from falling off. Although not shown in the drawing, by 
extending the radial thickness and by forming the 
projecting portions in the inner peripheral groove, the 
falling-off prevention effect of the coil expander can 
be further enhanced. However, when the radial thickness 
of the inner-peripheral protruding portions 15, 16 is 
increased, there exists a tendency that the conf ormability 
of the oil ring to the cylinder wall is lowered and hence, 
it is necessary to determine the optimum radial thickness, 
that is, the optimum thickness of the oil ring in view 
of both of these characteristics. 
[Examples 1 to 6] 

A martensitic stainless steel wire having a cross 
section of oil ring body shown in Fig. 1 is wound around 
to define a bore diameter thus producing the oil ring body 
shown in Fig. 1. Here, a tension Ft of the oil ring is 
set to ION, a nominal diameter is set to 75.0mm, a radial 
thickness of the ring body is set to 1.5mm, and an axial 
width of the ring body is set to 1.5mm. While setting 
L2 at the largest portion of the inner peripheral groove 
space to L2 = 1.092mm (BB' ) , the oil ring bodies which 



form the projecting portions 27, 28 in a vertical symmetry 
are manufactured such that inner peripheral groove space 
has the minimum distances LI shown in Table 1 at the open 
peripheries . 
[Comparison example] 

The oil rings shown in Fig. 4 are manufactured in 
the same manner as the example 1. A tension of the oil 
ring, a nominal diameter, a radial directional thickness 
and an axial width of the ring body are set to the same 
values as the example 1. In this specification, the 
projecting portions are not formed and hence, the axial 
width at the open peripheries 27, 28 is 1.092mm and 
corresponds to the largest width L2 (LI = L2 ) in the inner 
peripheral groove space. This conventional ring is used 
as a comparison example. 
[Mounting confirmation test] 

Coil expanders having a coil diameter d of 1 . 060mm 
are inserted into the oil ring body of the comparison 
example and the respective oil ring bodies of the examples 
1 to 6. The mounting confirmation test is performed on 
whether or not the coil expander falls off the oil ring 
body in mounting the combined two-piece oil control ring 
on the piston. After assembling the oil ring body and 
the coil expander, using a abut ends widening jig, an 
opening between but ends of the oil ring body is widened 
to 16.5mm which is 11 times as large as 1.5mm which is 
the radial thickness of the oil ring body and, then, the 



oil ring is mounted in the oil ring groove of piston. It 
is judged whether the oil ring can be mounted in the oil 
ring groove of the piston while preventing, the coil 
expander from falling off the oil ring body at the time 
of widening the opening between but ends of the oil ring 
body. The test is carried out on 100 pieces of oil ring 
bodies with respect to each ring specification and the 
number of the oil rings which the coil expander falls off 
is counted. The result of the test is shown in Table 1. 

Compared to the comparison example in which the 
projecting portions are not formed, in the examples in 
which the projecting portions are formed, the number of 
the oil rings which the coil expander falls off is decreased. 
By forming the projecting portions such that a ratio of 
(L2-L1)/L1 assumes 0.03 or more, the remarkable 
falling-off prevention effect of the coil expander is 
observed. On the other hand, when the ratio of (L2-L1) /LI 
exceeds 0.15, it is difficult to insert the coil expander 
into the oil ring body. 



Table 1 





LI 


L2-L1 


(L2-L1)/L1 


Number of coil 
expander fallen 
off 


example 1 


1.070 


0.022 


0.02 


6 


example 2 


1.060 


0.033 


0.03 


1 


example 3 


1.038 


0.054 


0.05 


0 


example 4 


0.989 


0.103 


0.10 


0 


example 5 


0.950 


0.142 


0.15 


0 


example 6 


0.933 


0.159 


0.17 




comparison 
example 


1.092 


0 


0 


10 



15 



[Example 7] 

In the same manner as the example 1, the oil ring 
bodies in which a tension Ft of the oil ring is set to 
ION, a nominal diameter is set to 75 . Omm, a radial thickness 
of the ring body is set to 1.5mm, and an axial width of 
the ring body is set to 1.5mm are produced. However, in 
this example, L2 at the largest portion of the inner 
peripheral groove space is set as L2 = 1.09mm and LI at 
the open peripheries is set to LI = 1.01mm. Further, the 
widths of the upper and lower projecting portions are made 
different from each other such that AL1 assumes 0.028mm 
and AL2 assumes 0.052mm. 

After combining the coil expander having a coil 
diameter d of 1. 060mm with the obtained oil ring body, 
the mounting confirmation test is performed in the same 
manner as the example 1 such that AL2 is disposed at the 
lower side . As a result, in 100 combined oil control rings 
tested, no falling off of the coil expander is recognized. 
[Example 8] 

In the same manner as the example 1, the oil ring 
bodies shown in Fig. 3 are produced. Here, however, L2 
at the largest portion of the inner peripheral groove space 
is set as L2 = 1.12mm and LI at the open peripheries is 
set to LI = 1.067mm. Further, no projecting portion is 
formed on the upper portion of the oil ring body so that 
AL1 assumes 0mm and the projecting portion is formed only 



on the lower portion of the oil ring body, wherein AL2 
assumes 0.028mm. By combining the coil expander having 
a coil diameter d of 1.060mm with the obtained oil ring 
body, the mounting confirmation test is performed in the 
same manner as the example 1 in a state that the portion 
where the projecting portion is formed is set as a lower 
side. As a result, , the number of coil expander fallen 
off is two in 100 combined oil control rings tested. 
[Examples 9 to 15] 

In the same manner as the example 1, the oil ring 
bodies in which a tension Ft of the oil ring is set to 
10N, a nominal diameter is set to 75 . 0mm, a radial thickness 
of the ring body is set to 1.5mm, an axial width of the 
ring body is set to 1.5mm, and LI takes values shown in 
Table 2 at the opening peripheries are produced. In these 
oil ring bodies, the projecting portions 27, 28 are formed 
in a vertical symmetry. By combining the coil expander 
having a coil diameter d of 1.055mm with the obtained oil 
ring body, the mounting confirmation test is performed 
in the same manner as the example 1. The obtained result 
is shown in Table 2. When a value of Ll-d is decreased 
to approximately 0.3mm, the remarkable falling-off 
prevention effect of the coil expander is recognized. 
Although the falling-off prevention effect of the coil 
expander is further enhanced by further decreasing the 
value of LI, when the value of Ll-d assumes -0.20, it is 
impossible to insert the coil expander into the oil ring 
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body without causing the plastic deformation. 



Table 2 





LI 


Ll-d 


Number of coil 
expander fallen off 


example 9 


0.85 


-0.205 




example 10 


! 0.95 


-0.105 


0 


example 11 


1.05 


-0.005 


0 


example 12 


1.15 


0.095 


1 


example 13 


1.25 


0.195 


2 


example 14 


1.35 


0.295 


2 


example 15 


1.45 


0.395 


6 



5 [Example 16] 

The oil ring bodies shown in Fig. 1 are produced 
in the same manner as the example 1. Here, however, the 
ends of the open peripheries are extended only in the 
radially inward direction and the thickness in the radial 

10 direction is set to 1.575mm which is 5% thicker than L3 
(1.5mm) and, further, projecting portions are formed on 
the open peripheries in a vertical symmetry thus producing 
the oil ring body having LI of 1.062mm. Further, as a 
comparison example, the oil ring body which has the 

15 radially extended thickness of 1.575mm and has no 
projecting portions is produced (comparison example 2) . 
The coil expander having a coil diameter d of 1.060mm is 
combined with the respective obtained oil ring bodies. 
The mounting confirmation test is performed in the same 

20 manner as the example 1. As a result, with respect to 
the comparison example 2, the number of coil expander 
fallen off is 7 in 100 combined oil control rings tested, 
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while with respect to the example 16, falling-off of the 
coil expander is not recognized. 

The explanation has been made with respect to a case 
in which the inner peripheral surfaces 18, 19 of the oil 
ring body which are portions brought into contact with 
the coil expander 2 have an arcuate shape. However, the 
substantially same advantageous effect can be obtained 
even when the inner peripheral surfaces 18, 19 of the oil 
ring body which construct coil-expander contact portions 
have a tapered shape (see Fig. 2) . 

According to the present invention, in mounting the 
oil ring on the piston by widening the opening between 
the but ends of the oil ring body of the combined oil control 
ring, it is possible to prevent the coil expander from 
falling off the oil ring body and hence, the combined oil 
control ring which enables the extremely easy assembly 
can be realized. 



